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Abstract
Non-critical String Cosmologies are offered as an alternative to Standard Big Bang Cos-
mology. The new features encompassed within the dilaton dependent non-critical terms affect
the dynamics of the Universes´ evolution in an unconventional manner being in agreement
with the cosmological data. Non-criticality is responsible for a late transition to acceleration
at redshifts z=0.2. The role of the uncoupled rolling dilaton to relic abundance calculations
is discussed. The uncoupled rolling dilaton dilutes the neutralino relic densities in super-
symmetric theories by factors of ten, relaxing considerably the severe WMAP Dark Matter
constraints, while at the same time leaves almost unaffected the baryon density in agreement
with primordial Nucleosynthesis.
1 Talk given at CTP Symposium on Supersymmetry at LHC: Theoretical and Experimental Perspectives,
Cairo, Egypt 11-14 March, 2007
1 Introduction
SNIa [1] and WMAP 1,3 [2] data accumulate in a fast pace confirming the existence of Dark
Energy (DE) which accelerates the Universe and occupies 73 % of its total energy-mass. On the
other hand, the most recent measurements by WMAP confirmed to unprecentented accuracy
the existence of Dark Matter (DM), occupying 25 % of its total energy-mass, while baryonic
density is small ( 4 % ). But who ordered DE and DM ? Fundamental physics theories, notably
String Theories, are in need to explain these fundamental issues and address to the following
questions. Why ΩDE is small ?, This is the Naturallness problem. Why ΩDM/ΩDE ∼ O(1)?
This is termed as the Cosmic Coincidence problem .
Besides these, the matter-energy density of the Universe is close to its critical density, Ω =
1.01±0.01, the Hubble constant is accurately known, h0 = 0.73±0.03, and various cosmological
data have reached a high level of accuracy which must be observed by any cosmological model
invoked to explain the evolution of our Universe.
For the origin of DM Supersymmetry (SUSY), an indispensable part of String Theories,
provides good candidates for Cold Dark Matter (CDM). WMAP3 data give ΩDM h
2
0 =
0.1045+0.0072
−0.0095 and SUSY models naturally yield values in the right ball park ΩCDM h
2
0 ∼ 0.1 ,
for a typical supersymmetry scale Ms ∼ O(TeV ), the leading candidate being a neutralino
provided it is the lightest supersymmetric particle (LSP) [3].
As for the origin of DE there are various proposals. A positive cosmological constant, Λ, in
the Einstein action is the simplest assumption. Its pressure is negative, pΛ = −Λ, in agreement
with the bounds put on the equation of state of DE, wΛ = −0.97. Another proposal is that a
quintessence scalar field is the carrier of DE [4]. This must have a small mass mq ≈ 10−33 eV
and it does not seem to have an obvious place in any fundamental theory of particle physics.
Also the dilaton occuring in String Theories may be the carrier of DE. Models both in the
weak ( φ −→ −∞ ) and non-perturbative limit ( φ −→ +∞ ) [5] of String Theory have
been proposed ( see Ref. [6] and Refs. therein ). The latter surpass the limits put by fifth
force experiments yielding naturally small coupling to ordinary matter at late eras. There are
also other proposals like for instance modifications to General Relativity, Braneworld scenarios,
Topological defects, and so on which are invoked to expain this fundamental issue. Last, but
not least, The rolling dilaton in the Q-cosmology scenario [7, 8] offers an alternative framework
establishing the Supercritical ( or non-critical) String Cosmology, or SSC for short. This opens
a new window towards understanding the evolution of our Cosmos which we shall discuss in the
following.
2 Supercritical String Cosmology
In the feramework of string theories Antoniadis, Bachas, Ellis and Nanopoulos [7] initiated
construction of cosmological string solutions, at the critical string dimension, which can be
Robertson-Walker-Friedmann (RWF) Geometries in four dimensions ( 4−D). The contributions
to central charge is as follows. The 4 − D space-time fields contribute 4 − δcRW , ghosts yield
−26 ( or − 10 ) and the ”Internal” space fields should contribute 22 ( or 6 ) + δcRW so that the
total central charge vanishes, ctotal = 0, to maintain conformal invariance. In this framework
the equations of motion follow from the vanishing of the beta functions
β˜i = 0 (1)
1
and the resulting cosmological backgrounds we shall hereafter call ”Critical Q - Cosmologies”
with Q2 being a measure of the central charge deficit δcRW .
In the framework of the Supercritical String dilaton Cosmology (SSC), Ellis, Mavromatos
and Nanopoulos [8] studied more complicated backgrounds, off the critical dimensions, that
did not satisfy the conformal invariance conditions. They need Liouville dressing to restore
conformal invariance. Identifying [9] the zero mode of the Liouville field [10] with the target
time results to the modified conditions
β˜i = −G˜i . (2)
The r.h.s of these equations is the result of the non-criticality and play an important role
in the equation describing the evolution of the Universe which will be discussed later. The
resulting cosmologies we shall term ”non-Critical Q - Cosmologies” to distinguish them from
those obtained in the critical case studied in Ref. [7].
In the string frame the bosonic part of the 4−D effective Lagrangian is given by
M−2
√
−G
[
e−2φ
(
−RG + 4(∂µφ)2 − 2Q2
)
− V (φ)
]
+
√
−G Lmatter . (3)
The central charge deficit and the charge Q in 3 are related by [7]
δc = −3 Q2 .
In the Lagrangian above we have allowed for matter terms and also for an additional potential
term V (φ) that accomodates the string loop corrections. The equations of motion are given by
β˜φ ≡M−2
(
RG + 2Q
2 + 4 (∂µφ)
2 − 4 φ− e
2φ
2
V ′
)
= 0
β˜µν ≡M−2
(
−RGµν + 2 ∇µ∇νφ+Gµν
e2φ
4
(2V + V ′)− e
2φ
2M2
T˜µν
)
= 0 .
(4)
In the non-critical string the r.h.s of these equations receive non-vanishing contributions getting
the form ( For a review see Ref. [11] ).
β˜i = −M−2 (g′′i +Qg′i) ≡ −G˜i (5)
with gi = φ,Gµν and g
′
i = dgi/dts, where ts is the time in the string frame. The r.h.s of 5 are
the non-critical terms which were absent in the considerations of Ref. [7].
In the critical case, G˜i are set to zero and by combining the (00) and (jj) equations, assuming
a flat RWF Universe, one gets
3 H2 = 8πGNρm + ρφ . (6)
where H is the Hubble expansion rate. The energy density ρm includes any sort of matter and
radiation while ρφ refers to the corresponding density for the dilaton. The string frame density
and pressure ρs, ps, as read from the energy-momentum tensor T˜µν , are related to the density,
pressures, ρm, pm, in the Einstein frame by
ρm = e
4φρs , pm = e
4φps . (7)
The total potential scales by the same factor in this frame given by
Vˆtot = e
4φ Vtot (8)
2
where Vtot = 2Q
2e−2φ + V . The dilatonic energy density ρφ, in the normalization for φ and the
potential the Lagrangian 3 is written in, is
ρφ = φ˙
2 +
Vˆtot
2
.
Following Ref. [12] it proves convenient to use a dimensionless Einstein time tE related to the
cosmic time by tE = ω t. That done the equation 6 can be cast in the form
3 Hˆ2 =
8πGN
ω2
ρm + (
dφ
dtE
)
2
+
Vˆtot
2ω2
. (9)
In this the dimensionless Hubble expansion rate is related to the actual Hubble rate by Hˆ = H/ω.
Furthermore it is convenient to choose ω =
√
3H0, so that Eq. 9 becomes
3 Hˆ2 = ρ˜m + ρ˜φ . (10)
In these units the densities ρ˜m, ρ˜φ are dimensionless
ρ˜m ≡ Ωm , ρ˜φ = ( dφ
dtE
)
2
+
Vˆ 0tot
2
. (11)
ρ˜m is actually the ratio of the density ρm to the critical density, often denoted by Ωm. The
potential V 0tot ≡ 2Qˆ2e−2φ + V 0 with V 0 ≡ V/ω2 and Qˆ ≡ Q/ω are also dimensionless. In this
system of units the cosmological equations can be cast as a system of first order differential
equations which can be treated numerically,
2
˙ˆ
H + ρ˜m + p˜m + ρ˜φ + p˜φ = 0
φ¨ + 3 φ˙ Hˆ +
Vˆ 0
′
tot
4
+
1
2
( ρ˜m − 3p˜m ) = 0
˙˜ρm + 3 Hˆ ( ρ˜m + p˜m )− φ˙ ( ρ˜m − 3p˜m ) = 0 .
(12)
Given the equation of state for each species involved in ρ˜m these are solved with initial values
for φ˙0, Hˆ0, ρ˜0m. The superscripts denote their values today. One can trade the deceleration q
0,
whose value is experimentally known, for φ˙0 using the relation
q = −1 + 1
Hˆ2
( φ˙2 +
1
2
( ρ˜m + p˜m ) ) (13)
A few remarks are in order. The first is that the initial value of the dilaton can be taken zero if
the string loop corrections to the potential are neglected, i.e. V 0(φ) = 0, which we assume in the
following. The system is then invariant under a dilaton shift followed by a Q-charge rescaling
φ→ φ+ c , Qˆ→ e−c Qˆ .
Then any solution with φ0 6= 0 is mapped to another with vanishing initial value for the dilaton
φ0 = 0 and a rescaled charge Qˆ. The second remark concerns the equation 3 Hˆ2 = ρ˜m + ρ˜φ
which yields
e2φ Qˆ2 + φ˙2 + ρ˜m +
Vˆ 0
2
− 3Hˆ2 = 0 . (14)
3
One can verify that the constancy of Qˆ follows from this equation by taking the derivative
of both sides. This equation can be also used to express the initial value Qˆ0 in terms of the
remaining inputs. Since we have taken Hˆ0 = 1/
√
3, in these system of units, it follows that only
the densities and the deceleration q0 are needed to solve the set cosmological equations !
From the positivity of Qˆ20 and φ˙
2
0 bounds on today’s value of the deceleration q0 are obtained.
In fact one has
−1 + 3ΩM
2
+ 2Ωr < q0 < 2− 3ΩM
2
− Ωr .
For values of matter density close to those observed, ΩM = 0.24, this yields q0 > −0.65
marginally allowing deceleration values in the range q0 ≈ −0.60 as observed experimentally.
With ΩM = 0.24, q0 ≈ −0.60, and zero cosmological constant, it follows that φ˙20 ≈ 0.015 and
Qˆ20 ≈ 0.755 resulting to
wφ =
(
pφ
ρφ
)
today
≈ −1 .
Therefore in this scheme the DE is carried by the dilaton field and today’s dilaton energy is
mainly potential whose value is controlled by a nonvanishing central charge. A problem that
arises in this model is that the deceleration q(z), as function of the redshift, hardly agrees
with current observations that acceleration started at z ≈ 0.15 − 0.2. This is remedied in the
non-critical case which we shall disuss in the following.
In the SSC the modified Friedmann equations, in the same system of units, are [12,13]
3 Hˆ2 − ρ˜m − ρ˜φ =
e2φ
2
G˜φ
2
˙ˆ
H + ρ˜m + ρ˜φ + p˜m + p˜φ =
G˜ii
a2
φ¨+ 3Hˆφ˙+
Vˆ 0
′
tot
4
+
1
2
(ρ˜m − 3p˜m) = −3
2
G˜ii
a2
− e
2φ
2
G˜φ
(15)
The terms on the r.h.s. are the non-critical terms which for lack of space we do not display
explicitly. In Ref. [14] consistent cosmological solutions of these equations, in the absence of
matter, were sought which tend asymptotically, in cosmic time, to the conformal backgrounds
considered in Ref. [7]. In Refs. [12], [15] it was shown that off-equilibrium supercritical string
cosmologies, are consistent with the current astrophysical data.
In the non-critical case the charge Qˆ varies with time and its variation is provided by the
Curci-Paffuti σ-model renormalizability constraint. In terms of the non-critical terms G˜φ,ii this
is given by
dG˜φ
dtE
= −6 e −2φ (Hˆ + φ˙) G˜ii
a2
. (16)
Combinining the available equations we get the continuity equation as in the critical case
d ˜̺m
dtE
+ 3Hˆ(˜̺m + p˜m)− φ˙ (˜̺m − 3p˜m) = 6 (Hˆ + φ˙) G˜ii
a2
− 2 Qˆ ˙ˆQe2 φ . (17)
We then split the total density ˜̺m to matter (”dust”) ̺b, radiation, ̺r, and the rest, ̺e, which
we coin (”exotic”), having equations of state with parameters wb = 0, wr = 1/3 and we =
4
undetermined. The latter is assumed constant, for simplicitly, but other more involved options
are certainly available. Then we get three separate continuity equations for ̺b, ̺r, ̺e given by
d̺r
dtE
+ 4Hˆ̺r = 0
d̺b
dtE
+ 3Hˆ̺b − φ˙̺b = 0
d̺e
dtE
+ 3Hˆ (1 + we) ̺e − φ˙ (1− 3 we) ̺e = 6 (Hˆ + φ˙) G˜ii
a2
− 2 Qˆ ˙ˆQe2 φ .
(18)
From the first of these it becomes apparent that radiation does not explicitly feel the presence
of the dilaton unlike dust which does feel it through a dissipative term −φ˙̺b, as is seen from
the second of Eqs. 18. The ”exotic” matter ̺e feels both the effect of the dilaton and the non-
critical terms. In deriving these we have tacitly assumed that the non-critical terms affect only
the exotic piece but neither dust nor radiation. Ignoring string loop corrections to potential,
V 0(φ) = 0, we get a first order system having as dependent variables φ˙, Hˆ, eφQˆ and the densities
ρb,r,e ,
φ¨ = −2Hˆ2 − 3Hˆφ˙− eφQˆ(φ˙+ Hˆ) + 1
2
ρb +
2
3
ρr +
(1 + we)
2
ρe
3
˙ˆ
H = −Hˆ2 − 2φ˙2 + eφQˆ(φ˙+ Hˆ)− 3
2
ρb − 5
3
ρr − (3 + we)
2
ρe
˙̺e + 2Qˆ
˙ˆ
Qe2φ = −3 (1 + we) Hˆ̺e + (1− 3we) φ˙ ̺e
+ 4 (Hˆ + φ˙) (−Hˆ2 + φ˙2 + eφQˆ(φ˙+ Hˆ) + weρe + ρr
3
)
ρ˙b = −3Hˆρb + φ˙ ρb
ρ˙r = −4Hˆρr
(eφ Qˆ)
·
= F (eφQˆ, Hˆ, φ˙, ρi)
The r.h.s of the last equation we do not write it explicitly for lack of space. This system is
invariant under φ→ φ+ c , Qˆ→ e−c Qˆ .
In order to solve them and obtain acceptable backgrounds we have to specify the initial
conditions. These are
• Today’s Hubble constant Hˆ0, which in the units we are working it has the value Hˆ0 = 1/
√
3,
and the value of the deceleration today q0.
• The values of the densities ρb, ρr, ρe today.
• The dilaton’s value φ0 today which we take vanishing. As stated previously a non-vanishing
dilaton value would merely rescale the charge Q due to the symmetry φ → φ + c, Qˆ →
e−c Qˆ .
The derivative of the dilaton field φ˙0, which is also needeed, is fixed by these inputs as in
the critical case through its relation to the deceleration. Also the central charge deficit Qˆ0 is
determined due to an algebraic relation ( similar to that obtained in the critical case ), which
follows from Friedmann’s equations, given by
2 Qˆ2 − e−φHˆ Qˆ+ e−2φ ( φ˙2 − 8Hˆ2 − 3Hˆφ˙+ 5
2
ρb +
8
3
ρr +
5 + we
2
ρe) = 0 .
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Figure 1: The cosmic scale factor a, the central charge deficit charge Qˆ, and the dilaton φ, as
functions of the Einstein time tE for the inputs shown in the figure.
Today’s value of the exotic matter energy-density we take vanishing, but other options, less
attractive, are available. The value of we is undetermined and it is actually a fitting parameter
in this approach.
In Fig. 1 we display the solutions obtained for the dilaton φ the cosmic scale factor a and
the charge Q for a value we = 0.4, as functions of the Einstein time tE . The deceleration has
been taken equal to q0 = −0.61 and the total matter density Ωmatter = 0.238. The density of the
exotic matter today and the dilaton’s value are taken vanishing as we have already discussed.
For other values of we we obtain different solutions. However the particular value is in agreement
with a smooth variation of the vacuum energy and Nucleosynthesis as we shall discuss later on.
Today corresponds to a value for tE equal to tE ≈ 1.07 and the solutions obtained approach
their asymptotic values for values of tE larger than 1.4. The same quantities as functions of the
redshiftz, for z = −0.5− 2.0, are shown in Fig. 2. The deceleration q and the Hubble expansion
rate, in units of
√
3H0, are shown in Fig. 3. Note that the entrance to acceleration phase occurs
at redshifts around z ≈ 0.2 in good agreement with the current astrophysicsl observations. In
figure 4 we display the dilaton’s energy, in units of the critical density, Ωdilaton, and the Dark
Energy, ΩDE, interpreted as the energy carried by the dilaton and the non-critical terms, for
the inputs shown in the figure. In this figure we also display the value of the function wφ of the
equation of state for the dilaton. The latter approaches values close to -1, for redshifts smaller
than 0.2, indicating that the dilaton’s energy is mainly potential energy in this regime. It should
be remarked that the Dark Energy is smooth for redshift values z = 0.0− 1.6 in egreement with
the recent observations of supernovea [16]
3 Relic abundances and the rolling dilaton
The continuity equation for any species i, matter or radiation, in the presence of the dilaton is
ρ˙i + 3Hˆ( ρi + pi)− φ˙ (ρi − 3pi) = 0 .
6
Figure 2: The same quantities as in figure 1 plotted as functions of the redshift z for −0.5 <
z < 2.0.
For temperatures T >> mi matter is relativistic and pi ≈ ρi/3. Therefore φ˙ decouples from
the continuity equation which takes on the form of the first of Eqs. 18. On the other hand for
T < mi matter is non-relativistic, pi ≈ 0, and φ˙ contributes through a dissipative term −φ˙ ρi.
In this case we get the second of Eqs. 18. For massive particles of mass mi, as long as we are
in the temperature regime mi > T > Ttoday , the energy density can be written as ρi = nmi and
in order to account for the presence of the dilatonic dissipative term, the Boltzmann equation
should be modified accordingly [12,17]:
dn
dt
+ 3Hn+ < vσ > (n2 − n2eq)− φ˙ n = 0 . (19)
If T is the photon gas temperature, as measured by antennas and satellites, and ρr the radiation
density including all relativistic particles at a given epoch then [18]
ρr =
π2
30
geff (T ) T
4
with geff counting the relativistic degrees of freedom. On the other hand the redshift z is related
to the temperature through the following relation
z + 1 =
(
geff
g0eff
)1/4
T
T0
.
Today’s values, labelled by 0, are g0eff = 2 + (7Nν/4)(Tν/T0) ≈ 2.91 and T0 ≈ 2.70K .
In the minimal supersymmetric model (MSSM) and for temperatures larger than the typical
supersymmetry breaking scale, T > MSUSY , we have
z + 1 ≈ 1.27× 1013 T
GeV
.
7
Figure 3: The deceleration q and the dimensionless Hubble expansion rate, Hˆ = H/
√
3H0, as
functions of the redshift z.
Therefore if decoupling of a SUSY cold dark matter candidate, say a neutralino χ˜, occurs at
Tχ˜ ≈ mχ˜/20 we need probe redshift regions as large as z ≈ 1015 to know the effect of the φ˙
term. It proves convenient to define g˜eff through the relation
ρtot =
π2
30
g˜eff (T ) T
4 .
In this ρtot is the total contribution to the energy-matter density, appearing on the r.h.s of the
equation 3H2 = 8πGNρtot, which also includes the dilaton and the non-critical terms. Then, as
we have shown in Ref. [17], the quantity φ˙/H and the ratio Y defined by
Y ≡ g˜eff
geff
=
1
H20
Hˆ2
Ωr
control the modifications to freeze-out temperature and relic density. These quantities are
calculated after solving the cosmological equations. For a particle species i of mass mi, the
freeze out point xf = Tf/mi is found to be [17]
x−1f =
ln

0.03824 gs MPmi√
g∗eff
x
1/2
f < vσ >f

 − 1
2
ln Y (xf ) +
∫ xin
xf
φ˙H−1
x
dx
(20)
In this equation the superscript ∗ denotes values at xf and xin ≈ O(1) is the point above which
the particle is relativistic and φ˙ does not contribute. Results are insensitive to its precise value
because of the smallness of 1/H for high redshift values. The additional terms appearing in Eq.
20 affect the conventional xf calculations by only 10% for SUSY or hadron species. However
for the relic density things are more dramatic since it is found that [17]
Ωh20 = R ×
(
Ωh20
)
(0)
(21)
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Figure 4: The vacuum energy, ΩDE ≡ Ωdilaton + Ωnoncritical, the dilaton energy, Ωdilaton, and
the equation of state function wφ as functions of the redshift.
LSP Hadron
1
2 ln Y (xf ) 1.84 2.51
∫ xf
x0
φ˙H−1
x dx -4.12 -3.14
R 0.102 0.53
Table 1: The values of the quantities controlling the factor R of Eq. 22 for we = 0.4. The cases
for an LSP and a typical hadron are shown along with the resulting values for R
with the prefactor R given by
R = exp
[ ∫ xf
x0
φ˙H−1
x
dx+
1
2
ln Y (xf )
]
. (22)
(Ωh20)(0) is the relic density derived in ordinary treatments, usually approximated by
(
Ωh20
)
(0)
=
1.066 × 109 GeV −1
MP
√
g∗eff J
(23)
where J ≡ ∫ xf0 < vσ > dx. Typical outputs of the quantities 12 ln Y (xf ) and ∫ xfx0 φ˙H−1x dx
controllling the factor R in Eq. (21), for values of the parameter of the equation of state
we = 0.4, are given in Table 1 for a neutralino, which is assumed to be the LSP, and a typical
hadron. These quantities combine to yield a factor R which for the case of the LSP is of the
9
Figure 5: In the thin grey stripe the neutralino relic density is within the WMAP3 limits
0.0950 < ΩCDMh
2 < 0.1117, for values A0 = 0 and tanβ = 10, according to the conventional
calculation. The dashed double dotted line delineates the boundary along which the Higgs mass
is equal to 114.0 GeV . The dashed lines are the 1σ boundaries for the allowed region put by the
g − 2 muon’s data. The dotted lines are the same boundaries at the 2σ’s level. In the hatched
region 0.0950 > ΩCDMh
2, while in the dark region at the bottom the LSP is a stau.
order of 0.1 while for a typical hadron is of order one. The results for a hadron are independent
of SUSY inputs, since the freeze out temperature is much less than the SUSY breaking scale,
TH ≈ 10−2 GeV << MSUSY . The results for the LSP have a mild dependence on SUSY inputs
since in this case the freeze out temperature is smaller, but not much smaller, than MSUSY ,
TLSP ≈ mLSP/20 < MSUSY .
The factor R depends on we, however we’d better use values around we ≈ 0.4 which are
cosmologically preferred. We have found that for such values radiation prevails over matter at
T ≈ 1 MeV , as demanded by Primordial Nucleosynthesis and also that Dark Energy ΩDE, as
the energy carried by the dilaton and the non-critical terms, has a rather smooth z- dependence
in the range 0 < z < 1.6 in agreement with recent cosmological data.
The WMAP3 data for Dark Matter impose severe constraints on some of the supersymmet-
ric models [19] and the dilution of the neutralino Dark Matter by O(10) may have dramatic
phenomenological consequences. Supersymmetric models have been extensively studied in the
literarure [20–27]. As the relic density is reduced to its 10% value, as compared to that obtained
in ordinary treatments, the cosmologically allowed region is expanded and shifted to regions of
the m0,M1/2 plane that is forbidden in the conventional approaches [13]. In Fig. 5 we display,
in the m0,M1/2 plane, the cosmologically allowed region as a thin stripe above the hatched
area, for the SUSY inputs shown in the figure. The constrained supersymmetric scenario is
assumed where all scalar masses are common at the unification scale. Also common are the
gaugino masses and the trilinear couplings. In the figure the lower mass Higgs bound, put by
10
Figure 6: The same as in figure 5 according to the new calculation in which the relic density is
reduced as described in the main text.
LEP last measurements, and the bounds imposed by the muon’s anomalous magnetic moment
measurements are also shown [28]. In Fig. 6 the same figure is shown but with the modified
neutralino relic density accoding to Eq. 21. One sees a shift of the cosmologically allowed region
upwards which relaxes the severe constraints of the conventional models, allowing for a broader
region of the parameter space. In Fig 7 we changed the input value for the angle tan β = 10
to tan β = 55. The thin light grey stripe, almost vertical to the grey shaded area excluded by
mτ˜ < mχ˜ constraint, is the cosmologically allowed region according to the conventional cal-
culation. The darker and broader V-shaped stripe to the right of it, which extends to higher
values of M1/2, is the area allowed according to the new calculation. On the left of the figure
the hatched area designates the area excluded by the b→ s+ γ constraint.
4 Conclusions
Non-critical or Supercritical String Cosmologies (SSC) provide an alternative viable framework
to describe the evolution of our Universe. Within this framework
• The derived cosmological equations are in agreement with the cosmological data and Dark
Energy is carried by the dilaton and the non-critical terms.
• The transition to accelerating phase occurs naturally at redshifts z ∼ 0.2, in agreement
with astrophysical observations.
• Matter density is affected by the rolling dilaton through a dissipative pressure term ∼ φ˙
diluting significantly relic abundances of supersymmetric CDM candidates while it leaves
unaffected the predictions for ordinary matter.
11
Figure 7: In the very thin light grey stripe the neutralino relic density is within the WMAP3
limits 0.0950 < ΩCDMh
2 < 0.1117, for values of A0 = 0 and tanβ = 55, according to the
conventional calculation. The thin darker V-shaped stripe, lying to the right of it, is the same
region according to the new calculation. The MSSM inputs are shown in the figure. The Higgs
mass and g− 2 boundaries are as in figure 5. The hatched shaded region on the left is excluded
by b→ s γ data.
• Dark Energy evolves rather smoothly for the last ten billion years while it fits the available
astrophysical data including Primordial Nucleosynthesis.
The effect of the non-critical terms to the Cosmic Microwave Background anisotropies, inflation
and other relevant issues need be further studied. Variants of the simplest scenario can be
considered: Non-trivial dilaton charges for matter and/or radiation, non-constant equation of
state for the exotic matter and inclusion of loop corrections of the effective String Theory to the
dilaton potential, may further improve the early-time predictions as we approach the Big Bang
singularity.
Acknowledgments
This work is supported by funds made available by the European Social Fund (75%) and Na-
tional (Greek) Resources (25%) - EPEAEK B - PYTHAGORAS.
The material of this lecture is based on work done in collaboration with B.C. Georgalas,
G.A. Diamandis, N.E. Mavromatos and D.V Nanopoulos,
12
References
[1] A. G. Riess et al. Supernova Search Team Collaboration, Astron. J. 116, 1009 (1998),
arXiv:astro-ph/9805201;
B. P. Schmidt et al., Supernova Search Team Collaboration, Astrophys. J. 507, 46 (1998),
arXiv:astro-ph/9805200;
S. Perlmutter et al., Supernova Cosmology Project Collaboration, Astrophys. J. 517, 565
(1999), arXiv:astro-ph/9812133;
J. P. Blakeslee et al. , Supernova Search Team Collaboration, Astrophys. J. 589, 693 (2003),
arXiv:astro-ph/0302402;
A. G. Riess et al., Supernova Search Team Collaboration, Astrophys. J. 560, 49 (2001),
arXiv:astro-ph/0104455.
[2] D. N. Spergel et al., WMAP Collaboration, Astrophys. J. Suppl. 148, 175 (2003)
arXiv:astro-ph/0302209;
D. N. Spergel et al., arXiv:astro-ph/0603449.
[3] J. R. Ellis, J. S. Hagelin, D. V. Nanopoulos and M. Srednicki, Phys. Lett. B 127, 233
(1983);
J. R. Ellis, J. S. Hagelin, D. V. Nanopoulos, K. A. Olive and M. Srednicki, Nucl. Phys. B
238, 453 (1984).
[4] R. R. Caldwell, R. Dave and P. J. Steinhardt, Phys. Rev. Lett. 80, 582 (1998);
A. Hebecker and C. Wetterich, Phys. Rev. Lett. 85, 3339 (2000);
M. Gasperini, Phys. Rev. D64, 043510 (2001);
M. Gasperini, F. Piazza and G. Veneziano, Phys. Rev. D65, 023508 (2001);
L. Amendola and D. Tocchini-Valentini, Phys. Rev. D 64, 043509 (2001).
[5] M. Gasperini, F. Piazza and G. Veneziano, Phys. Rev. D 65, 023508 (2002),
arXiv:gr-qc/0108016, and references therein.
[6] M. Gasperini and G. Veneziano, Phys. Rept. 373, 1 (2003), arXiv:hep-th/0207130.
[7] I. Antoniadis, C. Bachas, J. R. Ellis and D. V. Nanopoulos, Phys. Lett. B 211, 393 (1988);
Nucl. Phys. B 328, 117 (1989); Phys. Lett. B 257, 278 (1991).
[8] J. R. Ellis, N. E. Mavromatos and D. V. Nanopoulos, Mod. Phys. Lett. A 10, 1685 (1995),
arXiv:hep-th/9503162; Phys. Lett. B 619, 17 (2005), arXiv:hep-th/0412240.
[9] J. R. Ellis, N. E. Mavromatos and D. V. Nanopoulos, Phys. Lett. B 293, 37 (1992),
arXiv:hep-th/9207103; Invited review for the special Issue of J. Chaos Solitons Fractals,
Vol. 10, (eds. C. Castro amd M.S. El Naschie, Elsevier Science, Pergamon 1999) 345,
arXiv:hep-th/9805120.
[10] F. David, Mod. Phys. Lett. A 3, 1651 (1988) ;
J. Distler and H. Kawai, Nucl. Phys. B 321, 509 (1989) ;
J. Distler, Z. Hlousek and H. Kawai, Int. J. Mod. Phys. A 5, 391 (1990) ;
N. E. Mavromatos and J. L. Miramontes, Mod. Phys. Lett. A 4, 1847 (1989) ;
E. D’Hoker and P. S. Kurzepa, Mod. Phys. Lett. A 5, 1411 (1990).
13
[11] J. R. Ellis, N. E. Mavromatos, D. V. Nanopoulos and M. Westmuckett, Int. J. Mod. Phys.
A 21 (2006) 1379, arXiv:gr-qc/0508105.
[12] G. A. Diamandis, B. C. Georgalas, A. B. Lahanas, N. E. Mavromatos and D. V. Nanopoulos,
Phys. Lett. B 642, 179 (2006), arXiv:hep-th/0605181.
[13] A. B. Lahanas, N. E. Mavromatos and D. V. Nanopoulos, Phys. Lett. B 649, 83 (2007),
arXiv:hep-ph/0612152.
[14] G. A. Diamandis, B. C. Georgalas, N. E. Mavromatos and E. Papantonopoulos, Int. J.
Mod. Phys. A 17, 4567 (2002), arXiv:hep-th/0203241;
G. A. Diamandis, B. C. Georgalas, N. E. Mavromatos, E. Papantonopoulos and I. Pappa,
Int. J. Mod. Phys. A 17, 2241 (2002), arXiv:hep-th/0107124.
[15] J. R. Ellis, N. E. Mavromatos, V. A. Mitsou and D. V. Nanopoulos, Astroparticle Physics
27, 185 (2007), arXiv:astro-ph/0604272.
[16] A. G. Riess et al., arXiv:astro-ph/0611572.
[17] A. B. Lahanas, N. E. Mavromatos and D. V. Nanopoulos, arXiv:hep-ph/0608153.
[18] E. W. Kolb and M. S. Turner, The Early Universe, Front. Phys. 69 (Redwood City, USA:
Addison-Wesley 1990).
[19] J. R. Ellis, K. A. Olive, Y. Santoso and V. C. Spanos, Phys. Lett. B 565, 176 (2003),
arXiv:hep-ph/0303043;
A. B. Lahanas and D. V. Nanopoulos, Phys. Lett. B 568, 55 (2003), arXiv:hep-ph/0303130;
U. Chattopadhyay, A. Corsetti and P. Nath, Phys. Rev. D 68, 035005 (2003),
arXiv:hep-ph/0303201;
R. Arnowitt, B. Dutta and B. Hu, arXiv:hep-ph/0310103;
for a review see: A. B. Lahanas, N. E. Mavromatos and D. V. Nanopoulos, Int. J. Mod.
Phys. D 12, 1529 (2003), arXiv:hep-ph/0308251, and references therein.
[20] H. Baer and M. Brhlik, Phys. Rev. D 53, 597 (1996), arXiv:hep-ph/9508321;
V. D. Barger and C. Kao, Phys. Rev. D 57, 3131 (1998), arXiv:hep-ph/9704403.
[21] J. R. Ellis, T. Falk and K. A. Olive, Phys. Lett. B 444, 367 (1998), arXiv:hep-ph/9810360;
J. R. Ellis, T. Falk, K. A. Olive and M. Srednicki, Astropart. Phys. 13, 181 (2000) Erratum-
ibid. 15, 413 (2001), arXiv:hep-ph/9905481;
M. E. Gomez, G. Lazarides and C. Pallis, Phys. Rev. D 61, 123512 (2000),
arXiv:hep-ph/9907261;
A. B. Lahanas, D. V. Nanopoulos and V. C. Spanos, Phys. Rev. D 62, 023515 (2000),
arXiv:hep-ph/9909497;
A. B. Lahanas, D. V. Nanopoulos and V. C. Spanos, Mod. Phys. Lett. A 16, 1229 (2001),
arXiv:hep-ph/0009065;
R. Arnowitt, B. Dutta and Y. Santoso, Nucl. Phys. B 606, 59 (2001),
arXiv:hep-ph/0102181arXiv.
[22] H. Baer, C. Balazs and A. Belyaev, JHEP 0203, 042 (2002), arXiv:hep-ph/0202076.
14
[23] C. Boehm, A. Djouadi and M. Drees, Phys. Rev. D 62, 035012 (2000),
arXiv:hep-ph/9911496;
J. R. Ellis, K. A. Olive and Y. Santoso, Astropart. Phys. 18, 395 (2003),
arXiv:hep-ph/0112113;
J. Edsjo, M. Schelke, P. Ullio and P. Gondolo, JCAP 0304, 001 (2003),
arXiv:hep-ph/0301106.
[24] M. Drees and M. M. Nojiri, Phys. Rev. D 47, 376 (1993), arXiv:hep-ph/9207234;
H. Baer and M. Brhlik, Phys. Rev. D 57, 567 (1998), arXiv:hep-ph/9706509;
H. Baer, M. Brhlik, M. A. Diaz, J. Ferrandis, P. Mercadante, P. Quintana and X. Tata,
Phys. Rev. D 63, 015007 (2001), arXiv:hep-ph/0005027;
J. R. Ellis, T. Falk, G. Ganis, K. A. Olive and M. Srednicki, Phys. Lett. B 510, 236 (2001),
arXiv:hep-ph/0102098;
L. Roszkowski, R. Ruiz de Austri and T. Nihei, JHEP 0108, 024 (2001),
arXiv:hep-ph/0106334;
A. Djouadi, M. Drees and J. L. Kneur, JHEP 0108, 055 (2001), arXiv:hep-ph/0107316;
A. B. Lahanas, D. V. Nanopoulos and V. C. Spanos, Mod. Phys. Lett. A 16, 1229 (2001),
arXiv:hep-ph/0009065;
A. B. Lahanas and V. C. Spanos, Eur. Phys. J. C 23, 185 (2002), arXiv:hep-ph/0106345.
[25] P. Nath and R. Arnowitt, Phys. Rev. Lett. 70, 3696 (1993), arXiv:hep-ph/9302318;
A. Djouadi, M. Drees and J. L. Kneur, Phys. Lett. B 624, 60 (2005), arXiv:hep-ph/0504090.
[26] K. L. Chan, U. Chattopadhyay and P. Nath, Phys. Rev. D 58, 096004 (1998),
arXiv:hep-ph/9710473;
J. L. Feng, K. T. Matchev and T. Moroi, Phys. Rev. Lett. 84, 2322 (2000),
arXiv:hep-ph/9908309; Phys. Rev. D 61, 075005 (2000), arXiv:hep-ph/9909334;
H. Baer, C. h. Chen, F. Paige and X. Tata, Phys. Rev. D 52, 2746 (1995),
arXiv:hep-ph/9503271;
H. Baer, C. h. Chen, F. Paige and X. Tata, Phys. Rev. D 53, 6241 (1996),
arXiv:hep-ph/9512383;
H. Baer, C. h. Chen, M. Drees, F. Paige and X. Tata, Phys. Rev. D 59, 055014 (1999),
arXiv:hep-ph/9809223;
H. Baer, T. Krupovnickas, S. Profumo and P. Ullio, JHEP 0510, 020 (2005),
arXiv:hep-ph/0507282.
[27] H. Baer, A. Mustafayev, S. Profumo and X. Tata, arXiv:hep-ph/0610154.
[28] S. Eidelman, Talk at ICHEP 2006, Moscow, Russia.
15
